Zebrafish are an important model species with unparalleled potential to advance understanding of the genetics and neurobiology of behaviour through genetic and pharmacological screening and mutant analysis. However, advances using this species have been limited by the lack of robust, standardised methodology and equipment suitable for assessing adult behaviour. Here we describe a simple, fully automated, computer based, operant system for measuring behaviour in juvenile and adult zebrafish and provide detailed protocols for appetitive and aversive assays to assess cognitive function in adult zebrafish. Applications include the study of cognition in zebrafish (and other similar sized fish species) and in zebrafish models of psychiatric and neurodegenerative diseases (e.g., Alzheimer's disease, schizophrenia, Huntington's disease, frontotemporal dementia), and characterisation of the role of select brain regions, neurotransmitter systems and genes in zebrafish.
Introduction
. . 
. e  s  e  n  t  a  t  i  o  n  t  h  e  U  S  (  9  V  D  C  e  l  e  c  t  r  i  c  s  h  o  c  k  ,  d  e  l  i  v  e  r  e  d  f  o  r  8  0  m  s  )  i  s  d  e  l  i  v  e  r  e  d  ,  t  h  e  t  e  r  m  i  n  a  t  i  o  n  o  f   w  h  i  c  h  c  o  i  n  c  i  d  e  s  w  i  t  h  t  h  e  t  e  r  m  i  n  a  t  i  o  n  o  f  C  S  p  r  e  s  e  n  t  a  t  i  o  n  .  F  o  l  l  o  w  i  n  g  t  h  i  s  ,  t  h  e  n  o  n  -C  S  i  s   p  r  e  s  e  n  t  e  d  f  o  r  8  .  5  s  e  c  o  n  d  s  .  T  h  i  s  c  o  n  d  i  t  i  o  n  i  n  g  c  y  c  l  e  i  s  r  e  p  e  a  t  e  d  8  t  i  m  e  s  ,  f  o  r  a  t  o  t  a  l  o 
Materials and methods
Five-choice serial reaction time task (5-CSRTT) training is separated into five distinct steps. In the first stage, fish are simultaneously habituated to the tank ( Figure 1B ) and autoshaped to the food delivery area ("F"; Figure 1B ), and then trained to swim towards the stimulus lights (1-5; Figure   1B ). The fish are then trained to trigger the initiator light ("I" ; Figure 1B ) in order to begin a trial.
Finally, fish are trained to trigger the initiator light ("I") in order to initiate a trial, in which one of the five stimulus lights (1-5; Figure 1B ) will be randomly illuminated. The fish must swim into the correct light area (1-5; Figure 1B ) in order to be reinforced with the food light and availability of food in the food area ("F" ; Figure 1B ). Proportion of correct responses is calculated as Fish are habituated to the apparatus and autoshaped to swim into the food delivery area when the food delivery light is illuminated. In the second phase, fish are trained to trigger any of the five stimulus lights as a means of orientation to the stimuli, and then to trigger the initiator light to begin each trial. Finally, in 5-CSRTT training, the fish must initiate each trial, and wait for one of five stimulus lights to be illuminated in order to respond and get a food reinforcer. In sum, this equipment enables low cost, flexible, high quality behavioural testing for adult zebrafish. The display is flexible, with squares of light (any colour) demarcating user-defined locations, which in this example appear in apertures defined by inserts placed in the tank. However, tanks can be designed to suit researchers needs, and the display is able to display any number of shapes, as well as images, both moving or static. This allows for near infinite possibilities for measuring behaviours in adult zebrafish. Using this system, we have trained adult (4-month at start p , of testing) zebrafish to perform fear conditioning, but also a 5-CSRTT, exceeding 70% accuracy within 3 weeks ( Figure 5C ). This is comparable with training times for previous discrimination tasks of this type in zebrafish 20 , but with a fully automated, scalable system that exceeds the proportion of correct responses (~80% here vs ~60% previously).
corr/(corr+incorrect); proportion of omissions is calculated as omissions/(total trials).

Results and Discussion
The system is simple to operate and program, provides robust tracking of zebrafish and can output data in as much detail as required. Although not reported here, the rate and reliability at which fish have been trained to criterion it is possible to probe various aspects of behaviour or even train the fish to perform more complex tasks and measure an array of different cognitive phenotypes. For instance, in addition to straight forward choice discriminations the system can be used to probe impulse control by varying the delay between the triggering of the initiator light and presentation of the choice lights 30 . Studies of this type have been used in zebrafish to identify genes affecting impulse-control deficits 31, 32 and this system will facilitate further work in this area.
One can also probe selective attention by adding distractors and memory by conducting matching to sample studies 18 . This could involve replacing the white initiator light with one of three colours (randomly chosen at the start of each task) which the fish has to swim into to start the trial, at which point the three colours are all displayed in different apertures at the other end of the tank and the fish needs to swim into the aperture containing the same colour as the initiator (while ignoring the other two colours) to receive food reward. Performance in such a task can be used to gauge selective attention or by adding a delay (between initiating the task and the display of the 3 colour choices) provide a measure of working memory. This type of matching to sample (MTS) and delayed matching to sample (DMTS) has not been demonstrated in zebrafish, although matching to sample has been documented in other fish species including goldfish 33, 34 . There is increasing interest in the use of zebrafish, an established model system widely used for developmental genetic screening, as a promising model for ageing research [35] [36] [37] . Having a reliable system with which to measure these behaviours will prove invaluable in future research in this field.
